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↑ What is "already known" in this topic: {#box1}
========================================

Musculoskeletal disorders (MSDs), as a multifactorial health problem, arise from inappropriate ergonomic conditions. Posture of workers has been found to be a main risk factor for MSDs in many previous studies. Different methods have been used to find the relationship between work conditions and MSDs.

→ What this article adds: {#box2}
=========================

The association between the strain and stress risk factors (awkward posture as a stress risk factor, working fatigue as a strain factor, and MSD as their consequence) was examined in the present study.

Introduction {#s1}
============

Assembly line is a main process in manufacturing industries where different parts are consecutively assembled to make the final product. The automotive assembly industry is an example of industry with different assembly processes. Highly repetitive tasks, short work cycles, shift work, and use of manpower have led to workers being exposed to numerous harmful agents, especially ergonomic hazards ([@R1]). Musculoskeletal disorders (MSDs) are a common health problem arising from inappropriate ergonomic conditions. The Bureau of Labor Statistics in the United States (US) indicated that MSDs are responsible for 29%-35% of all occupational injuries and illnesses worldwide ([@R2]). The annual direct and indirect cost of MSDs to the Canadian economy was estimated to be around \$20 billion ([@R3]). However, the statistics on MSDs and their subsequent outcome are more striking in developing countries like Iran ([@R4]). Almost 14 000 workers are employed in the automobile industries in Iran ([@R5]). Awkward and sedentary postures, standing for a long time, repetitive movements along with other personal, environmental, and psychological factors are associated with increased work-related musculoskeletal disorders ([@R6]). Many studies have been conducted to evaluate the effects of the mentioned factors on prevalence of MSDs ([@R6]-[@R10]). The results of a study on truck assembly workers, demonstrated that almost 79% of the workers are at risk of MSDs. Low back pain, with an incidence of 65%, was reported as the most prevalent musculoskeletal symptom ([@R2]). The role of awkward posture, as a main risk factor for MSDs, was evaluated in the study conducted on automotive factory workers in Malaysia ([@R11]). The relationship between workload and MSDs with age was also evaluated ([@R12]). The multifactorial nature of MSDs makes them difficult for analysis. Expert systems, decision support systems, and integrated systems are 3 probability-based systems used for problem-solving analysis. Fuzzy logic is a linear model used to compute the outcome based on degree of truth rather than true or false (0 and 1) ([@R13]). Many studies have evaluated the effect of different risk factors on MSDs using modelling approach. For example, an adaptive neuro-fuzzy inference method was used to predict the risks of low back pain in manual material lifting activities ([@R14]). A fuzzy neural network method was applied to classify the risk of low back disorders ([@R15]). Another study worked on low back pain in manual material handling using fuzzy logic method ([@R16]). Even though many studies have been performed to find the relationship between risk factors and MSDs among automotive assembly line workers, the associations of awkward posture as a stress risk factor, working fatigue as a strain factor, and MSD as the consequence have not yet been clearly stated by modelling. Thus, the present study was conducted to predict MSDs based on fatigue and postural factors among automotive assembly line workers.

Methods {#s2}
=======

Study design and data collection {#s2-0-1}
--------------------------------

This cross sectional study was conducted on 110 male workers in an auto assembly industry. The inclusion criteria were no experience of chronic low back pain, accident, or back surgery. Several graduate students of occupational ergonomics collected data using a 4-section questionnaire.

**T**he first section of the questionnaire was used to collect the demographic information, including age, height, weight, work experience, number of working hours in a day and week, daily rest periods, duration of exercise time per week, accident, work experience, and work location.

Strain evaluation {#s2-0-2}
-----------------

Job satisfaction and job stress as the main strain factors were evaluated by a 10-point Likert scale, ranging from (dissatisfied and full of stress) to 10 (absolutely stress-free and completely satisfied).

Posture evaluation {#s2-0-3}
------------------

Working posture was evaluated in the third part of the questionnaire by a 10-level scale, which included 6 items: handling, bent waist, repetitive movement, hand and arm movements, prolonged sitting or standing, and moving hands away from the body. In addition to self-reported assessment, the Rapid Entire Body Assessment method (REBA) was used to evaluate body posture ([@R17]). The final score of REBA was calculated to be between 1 to 15 based on the scores obtained from evaluating different parts of the body ([@R18]).

Fatigue evaluation {#s2-0-4}
------------------

The last part of the questionnaire was focused on fatigue assessment using the 20-item Swedish Fatigue Questionnaire (SOFI), which includes questions about lack of energy, physical effort, physical discomfort, lack of motivation, and sleepiness. All questions are rated using an 11- degree Likert scale from zero (totally disagree) to 10 (completely agreement). The Persian version of this questionnaire has been found to have sufficient reliability and validity ([@R19]).

Statistical analysis was performed by SPSS version 22.0 to identify the main input variables for fuzzy logic method. Student t test and one-way ANOVA were used to compare a variable in 2 or more than 2 groups, respectively. Pearson correlation analysis was used to determine the relationship between variables.

WMSDs symptom evaluation {#s2-0-5}
------------------------

The standardized Nordic questionnaire was used to study the prevalence of MSDs symptoms in different parts of the body. The participants were asked if they had pain or discomfort in different limbs of the body during the 12 previous months. They were also asked to specify the severity of the pain by scoring it from 0 to 10. The Persian version of the questionnaire has been found to be valid and reliable ([@R20]).

Fuzzy logic {#s2-0-6}
-----------

Fuzzy logic is a mathematical tool to predict unknown and multifactorial issues ([@R21]). The main difference between fuzzy expert systems with conventional expert systems is the presence of numerical processing instead of the symbolic reasoning engines ([@R22]). A fuzzy set is a group of objects with a continuum of grades of the membership. This set is characterized by a membership (characteristic) function that operates over the range of real numbers \[0, 1\] ([@R23]). Characteristics of the fuzzy inference system is presented in [Table 1](#T1){ref-type="table"}. The REBA final score, fatigue, and strain were considered as the input variables for fuzzy modelling. The input and output variables were converted into the linguistic variables. Each variable was divided into 4 categories. Categories and fuzzy numbers are shown in [Table 2](#T2){ref-type="table"}. The membership degree of any variable specified in a triangular or trapezoidal state and the fuzzy diagram were plotted in the MATLAB software. Nordic questionnaire variables were designed as a trapezoidal shape and other variables as triangular-shaped.

###### Characteristics of fuzzy inference system Mamdani model

  -------------------- ---------- ---------- --------------------------------------------------------------------------------------------------------------------------------------------------
  Operation            Operator   Role       Formula
  SUM (OR)             MAX        T-conorm   $\mu C\left( x \right) = \max\left( {\mu A\left( x \right),~\mu B\left( x \right)} \right) = \mu A\left( x \right) \vee ~\mu B\left( x \right)$
  Subscription (AND)   MIN        T-norm     $\mu C\left( x \right) = \min\left( {\mu A\left( x \right),~\mu B\left( x \right)} \right) = \mu A\left( x \right) \land ~\mu B\left( x \right)$
  Implication          MIN        T-norm     $\max(\min\left( {\mu A\left( x \right),~\mu B\left( x \right)} \right))$
  Aggregation          MAX        T-conorm   $COA = z = \frac{\int z\mu\left( z \right)dz}{\int\mu\left( z \right)dz}$
  Defuzzification      Center                
  -------------------- ---------- ---------- --------------------------------------------------------------------------------------------------------------------------------------------------

###### Fuzzy classification of input and output variables

  --------------- --------- --------------------- --------------- ---------------- --------------------
  parameters                Membership function                                    
                            L                     M               H                VH
  Inputs          Fatigue   \[0 0 45\]            \[0 45 90\]     \[45 90 135\]    \[90 135 180 180\]
                  REBA      \[0 0 3.5\]           \[0 3.5 7.5\]   \[3.5 7.5 11\]   \[7.5 11 15 15\]
                  Strain    \[0 0 5\]             \[0 5 10\]      \[5 10 15\]      \[10 15 20 20\]
  Output (MSDs)             \[0 0 2.5\]           \[0 2.5 5\]     \[2.5 5 7.5\]    \[5 7.5 10 10\]
  --------------- --------- --------------------- --------------- ---------------- --------------------

The rules related to 3-phase fuzzy functions are presented in [Table 3](#T3){ref-type="table"}. The sum of the numbers obtained from stress and job satisfaction were resulted in the strain number as the following equation: Strain = Stress + (10 - Satisfaction).

###### Fuzzy rules and risk calculated for the 3 inputs

  ----------- ----------- ------ -------- ------ -----------
  Fatigue     Strain      REBA                   
                          Low    Medium   High   Very High
  Low         Low         L      L        M      M
              Medium      L      M        H      H
              High        M      H        H      H
              Very High   M      H        H      VH
  Medium      Low         L      M        H      H
              Medium      M      M        M      H
              High        H      M        H      VH
              Very High   H      H        VH     VH
  High        Low         M      H        H      H
              Medium      H      M        H      VH
              High        H      H        H      H
              Very High   H      VH       H      VH
  Very High   Low         M      H        H      VH
              Medium      H      H        VH     VH
              High        H      VH       H      VH
              Very High   VH     VH       VH     VH
  ----------- ----------- ------ -------- ------ -----------

Results {#s9}
=======

The means (SD) of age and work experience were 34.41 (6.14) and 8.68 (5.25) years, respectively. The means of working and rest hours per day were 10.21 and 6.42, respectively. A general pattern of fuzzy system,the linguistic variables for each input and output, and the relationship between inputs and outputs are shown in [Figures 1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}, and [3](#F3){ref-type="fig"}, respectively. The presented data in [Table 4](#T4){ref-type="table"} indicate no significant relationship between demographic information and MSDs in at least one limb.
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###### Demographic variables in the 2 groups (with and without any disorders) and their differences

  ------------------------- --------------------------- ------------------ --------- -------
  Demographic information   Musculoskeletal disorders   p                            
                            Having disorder             Lack of disorder             
                            Number (percent)            Number (percent)             
  Age                       Less than 30 years          27 (27.8)          2(40)     0.561
                            More than 30 years          70 (72.2)          3(60)     
  Working experience        Less than 10 years          59 (62.8)          3 (75)    0.623
                            More than 10 years          35 (37.2)          1 (25)    
  Working hours             Less than 10 hours          63 (64.9)          3 (75)    0.801
                            More than 10 hours          34 (35.1)          1 (25)    
  Rest hours                Less than 6 hours           55 (56.7)          2 (40)    0.171
                            More than 6 hours           42 (43.3)          3 (60)    
  Total                                                 97 (100)           5 (100)   
  ------------------------- --------------------------- ------------------ --------- -------

The results obtained from the one-way ANOWA analysis are presented in [Table 5](#T5){ref-type="table"}. The results imply that strain, working posture, and REBA final scores were significant in all of the 9 limbs of the body. There was a nonsignificant relationship between fatigue assessment and some of the subscales of the Nordic questionnaire. Also, a significant relationship was found between the postural factor and the wrist score obtained from the NORDIC questionnaire.

###### The difference of WMSDs variables in different parts of the body (P value)

  --------------- ---------------- ----------------- ------------ ------------ ------------ ---------- -------- -------------- ------------
  Parts of Body   Lack of Energy   Physical Effort   Physical\    Lack of\     Sleepiness   Total\     Strain   Work Posture   REBA Score
                                                     Discomfort   Motivation                Fatigue                            

  Neck            0.184            0.052             0.035        0.103        0.106        0.030      0.042    0.838          0.661

  Shoulder        0.020            0.012             \< 0.001     0.006        0.002        \< 0.001   0.768    0.363          0.602

  Upper Limb      0.119            0.037             0.049        0.002        0.059        0.043      0.181    0.079          0.018

  Elbow           0.010            0.003             \< 0.001     0.012        0.004        \< 0.001   0.364    0.464          0.264

  Lower Limb      0.065            0.376             \< 0.001     0.140        0.066        0.044      0.048    0.480          0.822

  Wrist           0.010            \< 0.001          \< 0.001     0.059        0.034        0.002      0.934    0.037          0.012

  Hip and Leg     0.005            0.013             \< 0.001     \< 0.001     0.025        \< 0.001   0.778    0.844          0.921

  Knee            0.019            0.001             \< 0.001     \< 0.001     0.001        \< 0.001   0.722    0.209          0.727

  Feet            0.003            0.032             \< 0.001     \< 0.001     0.001        \< 0.001   0.213    0.061          0.140
  --------------- ---------------- ----------------- ------------ ------------ ------------ ---------- -------- -------------- ------------

Fatigue and REBA final scores were the input variables for neck, shoulders, upper back, elbows, and lower back, and the stain score was added as an input variable for wrists assessment ([Table 5](#T5){ref-type="table"}).

The correlation between defuzzification results and the actual scores obtained from the Nordic questionnaire was evaluated using SPSS. Transformation of the fuzzy results into a precise output by MATLAB software is called defuzzification. [Table 6](#T6){ref-type="table"} shows the correlation between the number of fuzzy logic and actual numbers in every part of the body. Also, the relationship between actual and fuzzy numbers are shown in [Figure 4](#F4){ref-type="fig"}.

###### The Pearson correlation coefficient between the defuzzification numbers and real numbers separated by parts of the body

  --------------- ---------- -------
  Parts of body   p          R
  Neck            \< 0.001   0.265
  Shoulder        \< 0.001   0.347
  Upper Limb      \< 0.001   0.474
  Elbow           \< 0.001   0.335
  Lower Limb      \< 0.001   0.221
  Wrist           \< 0.001   0.327
  --------------- ---------- -------
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Discussion {#s10}
==========

This study was conducted to predict work-related musculoskeletal disorders among automotive assembly workers.The results revealed that various factors, including posture, fatigue, and strain, affect the incidence of musculoskeletal disorders. However, no significant relationship was obtained between demographic variables and musculoskeletal disorders.

Body posture is one of the most important risk factors for MSDs, and thus has been considered as an input variable for modeling regardless of any significant relationship with the NORDIC scores. The proposed model was also presented only for the upper part of the body because of particular importance of upper libs of the body in assembly work. Also, the results showed a significant correlation between fatigue and MSDs. Among all of the risk factors, only fatigue score had a strong correlation with MSDs in all parts of the body. The results indicated that the probability of discomfort and MSDs is increased under postural and physiological stress. The results clearly showed that MSDs increased when body resistance was reduced due to fatigue, which is consistent with other studies ([@R7]). Therefore, it is highly important to consider strain factors such as job stress and job satisfaction as the main input variables for MSDs assessment. The strain and posture parameters, as work-related mental and physical factors, had an effect on musculoskeletal disorders. Increased mental workload can decease comfort and physical endurance, making the individual susceptible to MSDs ([@R8]). Awkward posture can cause MSDs, as it increases the pressure on different parts of the body ([@R9]).

The results showed that posture assessment is not enough to assess MSDs and other factors such as fatigue and strain should be considered for evaluation.

The findings related to defuzzification of the fuzzy model illustrated a strong correlation between real and modelling numbers. Therefore, all risk factors, including personal and psychosocial factors, should be considered simultaneously with occupational factors to predict musculoskeletal disorders and to develop effective potential intervention actions. In addition, a predictive model based on the fuzzy logic can effectively deal with the existing uncertainty in the system and the large amount of data required. Various studies have been performed to predict different disorders in workers. For example, Gulbandilar et al used fuzzy logic algorithm to predict back pain and found that the fuzzy logic method can assess the problem accurately ([@R24]). Also, in 2015, Golabchi et al used the fuzzy logic model for ergonomic analysis in construction industry. They compared the obtained results of the fuzzy logic model with biomechanical analysis and found that the model provides more accurate results than traditional methods, and thus reduces human errors ([@R2], [@R25]).

Conclusion {#s11}
==========

Controlling MSDs depends on identifying and evaluating all risk factors related to MSDs. In the present study, a new approach was proposed to evaluate MSDs. The high correlation between the factors makes analysis difficult; thus, analysis should be done by a modeling tool to evaluate the correlation between all variables. The results of the present study showed that the fuzzy logic model is a reliable tool to determine MSDs.
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